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ABSTRACT
With distributed teams becoming increasingly common in organizations, improving their performance
is a critical challenge for both practitioners and researchers. This research examines how group
members’ perception of subgroup formation affects team performance in fully distributed teams.
The authors propose that individual members’ perception about the presence of subgroups within
the team has a negative effect on team performance, which manifests itself through decreases in a
team’s transactive memory system (TMS). Using data from 154 members of 41 fully distributed
teams (where no group members were colocated), the authors found that members’ perceptions of
the existence of subgroups impair the team’s TMS and its overall performance. They found these
effects to be statistically significant. In addition, decreases in a group’s TMS partially mediate the
effect of perceived subgroup formation on team performance. The authors discuss the implications
of their findings for managerial action, as well as for researchers, and they propose directions for
future research.
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INTRODUCTION
Distributed teams, also known as dispersed teams or virtual teams, refer to groups comprised of
members from different locations who collaborate online toward a common goal (Oshri, van Fenema,
& Kotlarsky, 2008). By using information and communication technologies, distributed teams perform
tasks such as product development, software development, and strategic planning in organizations
(Kotlarsky & Oshri, 2005; Maruping, Zhang, & Venkatesh, 2009; Thomas & Bostrom, 2010). With
the rapid growth of globalization, combined with cost-cutting, cross-functional projects and mobility,
distributed teams are now common in organizations (Fuller, Hardin, & Davison, 2006; Gressgard,
2011; Jarvenpaa, Shaw, & Staples, 2004; Mahfooz, 2011; Majchrzak, Malhotra, & Lipnack, 2004;
Purvanova & Bono, 2009). For example, a 2012 Society for Human Resource Management (SHRM)
survey found that 46 percent of firms use virtual teams (Geller, Lee, Alonso, Schmit, & Esen, 2012).
Another recent survey on “Trends in Global Virtual Teams” reported that 40 percent of nearly 3,000
survey respondents spend between half and all of their time working on multicultural virtual teams
(RW CultureWizard, 2014).
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Despite the proliferation of distributed teams in organizations, studies show that it is inherently
challenging to achieve team effectiveness in distributed environments, due to temporal, geographic,
and cultural differences (Espinosa, Slaughter, Kraut, & Herbsleb, 2007; Kotlarsky & Oshri, 2005;
Mukherjee, Lahiri, Mukherjee, & Billing, 2012; Sarker, Ahuja, Sarker, & Kirkeby, 2011). Respondents
to the “Trends in Global Virtual Teams” survey report that compared to face-to-face teams, it is more
challenging to make decisions (55 percent), manage conflict (54 percent), or express opinions (53
percent) in distributed teams (RW CultureWizard, 2014). Since information technology alone is not
sufficient to bridge these reported challenges in distributed teams (Duranti & de Almeida, 2012;
Kotlarsky & Oshri, 2005; Oshri et al., 2008), there are calls for research on the social aspects of these
teams to improve their effectiveness (Kotlarsky, van Fenema, & Willcocks, 2008; Orlikowski, 2002).
To date, existing studies have focused mainly on positive social aspects of virtual teams, such as
trust, social ties, rapport, communication patterns, and formal and informal communication, which
improve virtual team outcomes (Glückler & Schrott, 2007; Jarvenpaa & Leidner, 1999; Kiesler &
Cummings, 2002; Kraut & Streeter, 1995; Lowry, Zhang, Zhou, & Fu, 2010; Storck & Hill, 2000).
Fewer studies, however, have examined the social factors that negatively affect team performance
in virtual environments, which limits our ability to reduce and mitigate their impacts on team
performance. To complement our understanding of the positive social factors that are essential to
the success of distributed teams, we focus on negative social aspects of virtual teams. Specifically,
we examine the effect of perceived subgroup formation, a factor that has been found to negatively
affect team effectiveness in traditional face-to-face team settings (Carton & Cummings, 2012; Cronin,
Bezrukova, Weingart, & Tinsley, 2011), but has received limited attention in distributed teams.
When a team consists of multiple members, there is the potential for the team to split into
subgroups, based on one or more factors such as demographic characteristics (Cramton & Hinds,
2005; Homan et al., 2008), the existence of prior relationships among certain members (Polzer,
2004), as well as members’ attitude and beliefs (Harrison, Price, & Bell, 1998). While the impact of
subgroup formation within group is well documented in the face-to-face context (Gibson & Vermeulen,
2003; Jehn & Bezrukova, 2010), its impact on the performance of distributed teams has not been
thoroughly examined. This lack of attention to subgroup formation may be due to researchers’ beliefs
that demographic attributes – which are typically the cause of such subgroups – are less salient or
noticeable in fully distributed teams, where each member resides in a different location. We argue that
subgroups can emerge in a fully distributed team, although the causes may be unrelated to demographic
traits like age, race, or location. Previous studies show that while there may be many factors that
contribute to subgroup formation in face-to-face teams or distributed teams, what truly matters is
team members’ perceptions of subgroup formation (Cronin et al., 2011). Since the objective attributes
are less salient in a distributed environment, we propose that members’ perceptions of subgroups is
a critical factor that will influence team interaction and performance outcomes.
We draw on the literature of knowledge management, especially transactive memory systems
(TMS), to understand the mechanisms through which members’ beliefs about subgroups affect team
performance. The phrase transactive memory system describes team members actively using their
collective knowledge of “who knows what” to complete a team task collaboratively. It is considered to
be an important “team cognitive process” (Zhang, Hempel, Han, & Tjosvold, 2007) that is especially
critical for knowledge intensive teams that seek to achieve high performance (Lewis, 2004). Distributed
teams can effectively access diverse expertise across geographic locations (Majchrzak et al., 2004).
Thus, the performance of distributed team depends, to a great extent, on a group’s active management
of its knowledge and expertise (Herbsleb, Mockus, Finholt, & Grinter, 2000; Herbsleb & Moitra,
2001). However, in a distributed environment, it is inherently difficult for team members to learn
what other members know, due to a lack of face-to-face communication and personal interaction
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(Armstrong & Cole, 1995; Cramton, 2001; Espinosa, Slaughter, Herbsleb, & Kraut, 2007; Griffith &
Neale, 2001; Kotlarsky & Oshri, 2005; Sole & Edmondson, 2002). The existence of subgroups can
potentially increase the challenges for distributed teams to form highly developed TMSs. Therefore,
we propose TMS is an important mechanism through which members’ beliefs about the existence
of subgroups affects the entire team’s performance. In doing so, we respond to recent calls for more
research that examines the effect of team composition inputs, such as subgroups, on TMS (Lewis &
Herndon, 2011).
By integrating research on subgroup formation and TMS, this study contributes to the literature in
three ways. First, it moves beyond subgroups based on geographic location to further our understanding
of the effect of perceived subgroup formation on team performance in fully distributed teams. Second,
we identify a potential team-level mediator – TMS – that plays an important role between perceived
subgroup formation and team performance in distributed environments. Finally, we extend the TMS
literature by examining how subgroup dynamics affect TMS in distributed teams, which is a research
gap that has yet to be addressed.
THEORETICAL BACKGROUND AND HYPOTHESES
Extensive research that analyzes the influence of subgroups on team processes and outcomes in faceto-face teams has been conducted. Results generally support the expectation that strong subgroup
divisions can impair team processes (e.g., communication, group efficacy, and team identity) as well
as outcomes (e.g., performance, team satisfaction) (Cronin et al., 2011; Earley & Mosakowski, 2000;
Li & Hambrick, 2005; Molleman, 2005; Ramon Rico, Molleman, Sanchez-Manzanares, & Vegt,
2007). In contrast to studies of face-to-face teams, however, we know little about subgroups in fully
distributed teams, where no members are physically colocated.
Thus, we propose to extend the established frameworks regarding subgroups and their negative
effects to distributed environments from two perspectives. First, we introduce the notion of perceived
subgroup formation, which is defined as members’ perceptions of fragmentation within the team
that the team has actually experienced – as opposed to the conventional notion of subgroups, which
is defined as a function of members’ geographic locations. Second, we posit that TMS is a critical
mechanism that mediates the effect of perceived subgroup formation on performance in distributed
teams. Figure 1 presents our proposed model. The rest of section 2 discusses the theoretical background
and hypotheses development.

Figure 1. Research model
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Perceived Subgroup Formation
The existence of subgroups is quite common and typically emerges within larger teams. This
phenomenon has drawn ongoing attention among scholars who study team effectiveness, since the
emergence of distinct subgroups within a larger team is known to impair coordination, trust, and
information-sharing among team members (Cramton & Hinds, 2005; Phillips, Mannix, Neale, &
Gruenfeld, 2004; Polzer, 2004; Polzer, Crisp, Jarvenpaa, & Kim, 2006). In studying how subgroup
formation affects distributed teams, scholars have focused solely on defining subgroups by geographic
location, i.e., members who are colocated in the same location are assumed to represent a subgroup.
For example, Polzer and colleagues (2006) compared fully distributed teams and teams with some
colocated members and found that fully distributed teams experienced less conflict and higher levels
of trust, relative to the partially-distributed teams. Likewise, O’Leary and Mortensen (2010) showed
that teams with geographically isolated members with no teammates at their location have better
team outcomes than those for which subgroups exist at different locations. Both studies showed that
when analyzing subgroup dynamics in distributed teams, the geographic configuration of members
is a critical factor.
When considering fully distributed teams, however, geographical factors are less relevant, since
each member in a fully distributed team resides at a different location. In addition, focusing only on
geographic configuration cannot account for team members’ beliefs about the existence of subgroups.
Whether in face-to-face teams or in distributed teams, what truly matters is team members’ perceptions
about the existence of subgroups (Cronin et al., 2011), rather than subgroups assumed to exist due to
demographic traits (in the face-to-face team literature) or physical location (in the distributed team
literature). In fact, research on subgroups has shown that differences based on members’ demographic
attributes (e.g., race and gender) do not necessarily trigger the true internal team divisions that
members actually experience (Jehn & Bezrukova, 2010).
Thus, there is a distinction between subgroups based on team composition input (e.g., geographic
configuration, members’ demographic attributes) and subgroups that are actually experienced by team
members. Such a distinction is especially critical in distributed teams. Although real-time audio and
video communication are prevalent in distributed teams, since team members do not interact in person
as often as in face-to-face teams, visible demographic features are less observable in distributed teams.
Instead, other attributes may become important in distributed teams. For example, studies of globally
distributed teams discovered that members who shared a similar occupational culture were able to
overcome nationality differences and thus perform effectively (Elron & Shamir, 1999; Maznevski
& DiStefano, 2000; Snow, Snell, Davison, & Hambrick, 1996). Bhappu et al. (1997) found that
group membership based on demographic features (e.g., gender) biased the amount of attention that
members paid to in-group (same sex) versus out-group (opposite sex) team members in face-to-face
teams. However, this bias was absent in teams that only used electronic media to communicate, even
when a person’s gender was readily identifiable (Bhappu et al., 1997).
As a result, focusing only on subgroups based on team composition factors (e.g., geographic
configuration, members’ demographic attributes) may limit our understanding of the effects of
subgroups on fully distributed teams. Therefore, in this study, we focus on members’ perceptions of
the existence of subgroups and their downstream effects on factors such as the group’s transactive
memory system and its performance.
Prior research conducted with face-to-face teams suggests that the more deeply members perceive
subgroup divisions, the worse a team’s performance and member satisfaction (Cronin et al., 2011;
Earley & Mosakowski, 2000). The rationale is that a high level of perceived subgroup formation is
likely to expose subgroups to frustration, anxiety and even hostility by members of other subgroup.
This can create a “vicious cycle” of conflict among subgroups (Lipponen, Kelkama, & Juslin, 2003;
Polzer et al., 2006), which, in turn, causes members to avoid open communication and full informationsharing with members of other subgroups.
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A decade of research on knowledge management recognizes that effective coordination depends
on members sharing a common understanding of the task at hand, clear norms of behavior, and a
shared context for interpreting information (Davenport & Prusak, 1997; Dougherty, 1992; Krauss &
Fussell, 1990). However, team members located in distinct locations are more likely to “experience
different exogenous events, physical settings, constraints and practices, resulting in their having
different information, assumptions, preferences and constraints” (Cramton & Hinds, 2005, p. 236).
For distributed teams to achieve high performance, bridging such contextual differences and building
common ground with regard to shared assumptions and information is quite critical (Bjørn &
Ngwenyama, 2009; Cramton, 2001; Malhotra & Majchrak, 2004; Olson & Olson, 2000). When a “us
vs. them” mentality exists within a team, its members tend not to communicate or share information
fully (Jehn & Bezrukova, 2010). Without adequate communication across the full team, members
are less likely to develop a shared understanding of their task and its context. All of these will hurt
team performance. Therefore, we posit:
Hypothesis 1: Perceived subgroup formation is negatively related to team performance in fully
distributed teams.
Transactive Memory System (TMS)
To understand the mechanisms through which subgroup formation affects team performance, we draw
on the knowledge management literature, specifically the literature on transactive memory systems
(TMS). Transactive memory refers to the knowledge that a person has about what another person
knows. Transactive memory system is a group-level concept, which refers to “the operation of the
memory systems of the individuals and the processes of communication that occur within the group”
(Wegner, 1987, p.191). It describes the active use of members’ transactive memories to collaboratively
complete a team task. The TMS plays an important role for knowledge intensive teams seeking to
achieve high performance (Lewis, 2004). In a team with a well-developed TMS, team members can
quickly identify and locate other colleagues with the knowledge most relevant to the issue at hand,
which allows them to quickly contact and enlist the member best suited to perform a task or resolve a
problem (Kotlarsky & Oshri, 2005). Research on TMS has shown that for groups with a well-developed
TMS, the individual cognitive load for each member is reduced by creating a greater pool of shared
knowledge that is available to all team members (Wegner, 1987, 1995). Teams with a well-developed
TMS allow members to specialize – thus developing deeper expertise in distinct domains, while also
being able to quickly locate and enlist others whose expertise and skills are relevant to the issue at
hand. As a result, teams with high levels of TMS execute their projects more effectively than ones
with weaker TMSs (Austin, 2003; Lewis, 2004; Moreland & Myaskovsky, 2000) and achieve better
outcomes (Austin, 2003; Lewis, 2005).
One major benefit of a distributed team is access to diverse expertise across geographic locations
(Majchrzak et al., 2004). However, due to a lack of face-to-face communication and personal
interaction, it can be challenging for members to form highly developed TMSs, and inhibit their
ability to access, share, and apply members’ full scope of knowledge and expertise (Armstrong &
Cole, 1995; Cramton, 2001; Espinosa et al., 2007; Griffith & Neale, 2001; Kotlarsky & Oshri, 2005;
Sole & Edmondson, 2002).
We propose that the level of TMS is likely to be impaired when subgroups are perceived to
exist in distributed teams. Subgroups can impair the development of a TMS in two ways. First,
when members perceive strong subgroup formation, they are more likely to communicate and share
information only with others within their own subgroup, but not with members of other subgroups
(Cramton, 2001; Gratton, Voigt, & Erickson, 2007; Polzer et al., 2006). This, in turn, makes it difficult
for team members to be aware of the entire team’s full range of expertise, which is an important
aspect of TMS. Second, the existence of subgroups means that individuals cannot readily access other
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members’ knowledge when they need it – especially knowledge held by members of other subgroups.
In distributed environments, team members need to communicate project details and context-specific
information to their fellow remote colleagues (Cramton, Orvis, & Wilson, 2007). Thus, when subgroup
formation discourages necessary communication and information sharing (Cramton, 2001; Gratton et
al., 2007; Polzer et al., 2006), it also prevents the team from taking advantage of each other’s expertise.
Even if members are aware of a remote team member’s knowledge and skills, they may not be able
to obtain the clues needed to judge the credibility and quality of that person’s knowledge and in turn
they may misunderstand, ignore, or under-value available useful knowledge (Carlile 2002). Based
on this logic, we propose that:
Hypothesis 2: Perceived subgroup formation is negatively related to TMSs in fully distributed teams.
The Mediating Role of TMS in Fully Distributed Teams
Compared to face-to-face teams, distributed teams are often more diverse in expertise and background
(Griffith & Neale, 2001). The ability to effectively leverage the expertise of members who reside in
different locations is essential for the success of distributed teams (Majchrzak et al., 2004). Since
TMS is a critical mechanism through which team members integrate and leverage each other’s diverse
expertise (Lewis, 2004), we propose that subgroup formation reduces team performance partly by
impairing the development of TMS. Thus, including TMS as a mediator in our research model allows
us to specify a mechanism through which perceived subgroup formation affects team performance.
Teams with well-developed TMSs perform better because members are aware of and can quickly
locate knowledge across the entire group, which helps them effectively perform tasks in both face-toface teams (Austin, 2003; Lewis, 2004, 2005; Moreland & Myaskovsky, 2000) and distributed teams
(Kanawattanachai & Yoo, 2007). However, as posited in Hypothesis 2, we expect that in the presence
of perceived subgroups, distributed teams are less likely to achieve well-developed TMSs, which can
impair performance. Therefore, in addition to having a direct negative impact on team performance,
we expect perceived subgroup formation to also reduce performance by suppressing the development
of a TMS. That is, we suggest that TMS is a “cognitive mediator” (Ilgen, Hollenbeck, Johnson, &
Jundt, 2005) by which perceived subgroup formation reduces team performance. We propose that
the negative impact of perceived subgroup formation on team performance can be partly attributed
to the negative effect of perceived subgroup formation on TMS. Thus, we propose that:
Hypothesis 3: A transactive memory system partially mediates the relationship between perceived
subgroup formation and team performance in fully distributed teams.
RESEARCH METHOD
Research Setting
To test our research model, we collected survey data from students in an online MBA course over two
semesters at a large university in the southeastern U.S. Nearly all the MBA students (i.e., 95 percent)
in this online program hold full-time jobs during their studies and have an average of 6.6 years of
work experience. To accommodate their different schedules, the course was administrated virtually
through the online course management tool, Blackboard, in an asynchronized format with no faceto-face class meetings. As a major component of the course, students were organized into teams of
four, and each team was required to submit three case study analyses during the semester; each case
analysis accounted for 10 percent of their final grade. Each team could choose the three case studies
(out of eight cases) they wanted to analyze and submit. For the case analysis, the students needed to
identify the major issues presented in the case, use the assigned readings to guide their data analysis,
offer recommendations, and prepare an action plan to implement their recommendations. Due to their
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various locations and work schedules, teams had to coordinate their work virtually, using various
communication tools available in Blackboard (group discussion board, file exchange, chat room, and
email), as well as other communications tools (non-Blackboard email, instant messenger and phone).
This course setting and team structure provided a context in which distributed students worked
on knowledge intensive tasks but never met face-to-face. By stating that team members never met
face-to-face, we do not imply that members were unaware of gender, age, profession, geographic
location or other attributes of their teammates, since members are likely to mention these details
when they “introduce” themselves to each other virtually. However, we consider our research setting
as equivalent to fully distributed teams in the real world, where members do not meet face-to-face
but are still aware of each other’s demographic attributes and geographic location. Thus, we consider
this online MBA program to be an ideal research setting to test our model. Given that team members
needed time to become familiar with virtual collaboration practices and learn about other’s expertise
and working styles, the dataset analyzed here focuses on the survey that we administered after the
teams had finished their third and final case analysis.
A total of 159 students were invited to participate in the study, of which 156 students (97 male,
59 female) completed our survey at the end of the course (98 percent response rate). Of the 156
respondents, 67.3 percent were located in different cities within the state where the university is
located, while the rest of the students were located in other U.S. states or other countries (e.g., Italy,
Japan). The students created their four-member teams by themselves at the start of the semester.
Because a few students dropped the course, some teams had fewer than four members: out of 42
teams, 31 teams had four members, ten had three members, and one had two members. We removed
the two-member team from our sample since, by definition, it is too small for a subgroup to form.
This left a total of 41 teams consisting of three or four members for analysis.
Measures
We developed our survey following guidance in the literature. Whenever possible, we adapted
validated measures from previous studies. The initial questionnaire was reviewed by a panel of five
academic experts who were asked to evaluate content validity, clarity, question format, response
format, appearance, and organization. We modified and re-organized the questionnaire according
to their comments. Table 4 in Appendix A lists the constructs in the research model and their items.
Perceived Subgroup Formation
We created six items for this construct based on our review of literature (Cramton, 2001; Gratton
et al., 2007; Panteli & Davison, 2005; Polzer et al., 2006). We used these items to assess whether
members recognized the emergence of subgroups and whether some members behaved as factions
instead of as a cohesive group. The construct contains items such as “Communications (e.g., emails,
phone calls) happened only among part of the group”; “One or more group members did not act like
part of our group”; and “I withheld some project-related information from certain group members”.
Respondents rated all items on seven-point scales (1 = strongly disagree to 7 = strongly agree).
Transactive Memory System
We measured TMS using Lewis’ (2003) 15-item measure, which has been used in many TMS
studies (Akgün, Byrne, Keskin, Lynn, & Imamoglu, 2005; Jackson & Moreland, 2009; Jarvenpaa
& Majchrzak, 2008; Lewis, 2004, 2005; Zhang et al., 2007). It contains items such as “Each group
member has specialized knowledge of some aspect of our project”; “I was confident relying on the
information that other group members brought to the discussion”; and “Our group had very few
misunderstandings about what to do”. Subjects scored these items on a seven-point scale (1 = strongly
disagree to 7 = strongly agree).
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Team Performance
We assessed team performance using Henderson and Lee’s (1992) 5-item measure. The items ask
respondents to evaluate their team’s performance relative to other project teams on which they served,
including dimensions like “efficiency of team operations”; “amount of work the group produced”;
“group’s adherence to schedules”; “quality of work the group produced”; and “ability to meet the
goals of the project”. We used a seven-point scale (1 = much lower than other teams and 7 = much
higher than other teams).
Control Variables
We included two control variables in our model. First, since prior research has shown that perceived
interdependence among team members facilitates the level of a group’s TMS (Hollingshead, 1998a;
Hollingshead, 1998b; Hollingshead, 2001; Levine & Moreland, 1999; Moreland, 1999; Wegner,
Erber, & Raymond, 1991), we included perceived task interdependence as a control for TMS. The
underlying logic is that, in the absence of tasks requiring coordination among members, there is little
need for TMS. We assessed interdependence using a 5-item measure developed by Campion et al.
(1993), with a 7-point scale (1 = strongly disagree to 7 = strongly agree).
Second, we included past experience with distributed teams, as a control for team performance,
since studies have shown that subjects with prior experience working in distributed teams had greater
confidence working in such teams as well as higher levels of learning in such scenarios (Dineen, 2005).
We measured this construct by asking, “How would you rate your level of experience working in
distributed teams prior to the first group case study analysis?” Subjects were asked to choose among
five answers specifying the number of the times they have worked in distributed teams (“I have never
worked on such a team”, “I have worked on 2-5 teams like that”, etc.).
ANALYSES AND RESULTS
We followed four steps to analyze our data. First, we analyzed internal reliability, convergent validity,
and discriminant validity, as well as common method bias to ensure the quality of our data. Second,
we assessed interrater agreement to justify aggregating individual level data up to the group level.
Third, we assessed predictive validity, checked for Simpson’s paradox instances, and ruled out vertical
and model-wide collinearity concerns in the research model. Fourth, we used structural equation
modeling with WarpPLS 5.0 (Kock, 2015) to test the hypotheses. Table 1 presents the descriptive
statistics for all constructs in the study.
Measurement Validation, Common Method Bias,
Aggregation Analysis and Model Validation
Table 1 presents two metrics for internal reliability: Cronbach alpha and composite reliability. Both
metrics support internal validity when the value exceeds 0.70 (Nunnally & Bernstein, 1994). The
results reported in Table 1 show high reliability for all constructs. Average variance extracted (AVE)
was calculated to assess convergent validity and discriminant validity, which is achieved when the
square root of each construct’s AVE is larger than its correlation with other constructs (Gefen & Straub,
2005; Gefen, Straub, & Boudreau, 2000). Table 1 shows that discriminant validity was achieved.
While we found the correlation between TMS and team performance to be 0.64, this is still below the
0.8 threshold stated by Bagozzi et al. (1991), which indicates that TMS and team performance are
distinct constructs. This correlation between TMS and team performance is also similar to results found
in prior studies of TMS (Lewis, 2004). In addition, we conducted a principal components analysis
(using varimax rotation) with all the items that were used to measure the three model constructs. The
analysis yielded three factors and the result showed that all items loaded cleanly on the construct they
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Table 1. Means, SD, composite reliability AVE, full collinearity VIF and inter-construct correlations
Variables

Meana
(SD)

Cronbach
Alpha

Composite
Reliability

AVE

Full
Collin.
VIF

1

2

3

1. Perceived Subgroup
Formation

2.54
(1.33)

0.94

0.95

0.77

1.98

0.88b

2. TMS

5.44
(0.53)

0.93

0.94

0.54

2.30

-0.49**

0.73

3. Team Performance

4.81
(1.11)

0.97

0.98

0.90

2.38

-0.53**

0.64**

0.95

4. Perceived Task
Interdependence

4.76
(0.99)

0.83

0.89

0.67

1.23

-0.09

0.22**

0.19*

4

0.82

Legend: *p< .05, **p< .01 (2-tailed tests)
a
All variables are measured with 7-point scales (larger numbers indicate higher values)
b
Bold figures on the diagonal are values of the square root of the AVE

were intended to measure and did not cross-load on other constructs (factor loadings are reported in
Appendix A), which shows high convergent and discriminate validity.
Since common method bias is generally acknowledged as a potential validity threat in behavioral
research (Podasakoff, MacKenzie, Lee, & Podsakoff, 2003), we considered the risk of common
method bias throughout the research process. During survey design, we followed procedural remedies
recommended by Podasakoff et al. (2003). We also used Harmon’s one factor test to evaluate common
method variance (Podasakoff & Organ, 1986). The result of Harmon’s one factor test indicates that
no single factor accounted for a majority of the variance. Also, using the approach suggested by
Podasakoff et al. (2003) and its application to PLS (Liang, Saraf, Hu, & Xue, 2007), we included
a marker variable (personal innovativeness with IT (Agarwal & Prasad, 1998)) in the analysis. We
chose this construct as a marker variable because it should be uncorrelated with other constructs in
our model. This test showed that the mean common method variance was only 0.032, compared to
0.618 (the mean variance explained by the other indicators). Taken together, these results demonstrate
that common method bias is not a concern in our data.
Before computing team-level scores from individual member survey data, we assessed interrater
agreement (IRA) within each team (Castro, 2002; James, Demaree, & Wolf, 1984; James, Demaree,
& Wolf, 1993; LeBreton & Senter, 2008). The most common IRA index for multiple-item measures
is the rWG(J) index (James et al., 1984; James et al., 1993). We calculated rWG(J) for each multi-item
scale. The mean rWG(J) values are all above the 0.70 cutoff value (perceived subgroup formation =
0.88, TMS = 0.88, team performance = 0.89, and perceived task interdependence = 0.82). The
rWG(J) values indicate that individual level scores for these constructs can be aggregated to the team
level. We averaged member responses for each measure and used the mean value as team scores for
hypothesis testing.
We also conducted a few tests using WarpPLS 5.0 (Kock, 2015) to assess predictive validity,
check for Simpson’s paradox instances, and rule out vertical and model-wide collinearity concerns
in the research model. Since Q-squared coefficient for TMS (0.439) and team performance (0.589)
are both greater than zero, the model presents acceptable predictive validity (Kock, 2015). Simpson’s
paradox ratio is 1 in our model, which means there are no instances of Simpson’s paradox (Kock,
2015), indicating no causality problems (Pearl, 2009; Wagner, 1982).
In our research model, block variance inflation factor (VIF) was calculated for the link between
perceived subgroup formation and team performance (1.683) and the link between TMS and team
performance (1.638). Since both values are lower than 3.3, there is no vertical collinearity in the
model (Kock & Lynn, 2012). The full collinearity variance inflation factor was calculated for all
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Figure 2. Results for hypotheses 1 and 2

latent variables to assess model-wide collinearity. As reported in Table 1, the full collinearity VIF
value for each variable is lower than the 3.3 threshold, indicating that the model is free of model-wide
collinearity (Kock & Lynn, 2012).
Hypothesis Testing
We used WarpPLS 5.0 (Kock, 2015) to test our research model. We used jackknifing to estimate the
statistical significance of structural paths since jackknifing generates more stable results (i.e., resample
path coefficients and P values) with sample sizes smaller than 100 (Kock, 2011a, 2011b). Figure 2
shows standardized path coefficients and the explained variance (R2) for each construct. The very
high R2 value for the dependent variable – 0.577 for team performance – indicates that our model
explains a substantial amount of variance for team outcomes. We also found the control variable,
perceived task interdependence, to be significantly related to TMS (path = 0.228, p < 0.05). For
the control variable, past experience with distributed teams, we calculated both the average of team
members’ past experience, and also the standard deviation for this past experience. We included both
as controls for team performance; however, neither was related to team performance.
We first tested the hypothesis involving the direct effects corresponding to H1 and H2, based
on the magnitude and significance of paths computed by WarpPLS. We found that the path from
perceived subgroup formation to team performance (H1) was negative and statistically significant (path
= -0.345, p < 0.05). Thus, perceived subgroup formation is negatively related to team performance,
confirming H1. Next, we found the path from perceived subgroup formation to TMS (H2) was negative
and significant (path = -0.533, p < 0.01). Hence, H2 is also supported.

Table 2. Nested model comparison
Direct Path
H3

Perceived Subgroup Formation
→ Team Performance

R2 in Full
Mediation
0.506

R2 in Partial
Mediation
0.577

ΔR2
0.071

f2 Valuea
0.168

Pseudo Fb
F (1, 36)
5.539*

Legend: * p < 0.05
a2
f = (R2 in Partial Mediation - R2 in Full Mediation) / (1- R2 in Partial Mediation)
b
Pseudo F = f2 x (n-k-1) with 1, (n-k) degrees of freedom. N is the sample size and k is number of constructs in the model
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Table 3. Significance of mediated paths
Mediated Path
H3

Perceived Subgroup Formation → TMS → Team Performance

Path Mag.a
-0.375

Z statb
-2.681**

Legend: ** p < 0.01
a
Path Mag. = P1P2 where P1 is the path from the independent variable to the mediator and P2 is the path from the mediator to the dependent variable in a
model that does not have a direct path between the independent variable and dependent variable. Here, P1 = 0.533, P2 = 0.704; thus P1P2 = 0.375.
b
Z = P1P2/sqrt(P12σ22+ P22σ12+σ12σ22) where P1 is the path from the independent variable to the mediator, P2 is the path from the mediator to the dependent variable, and σ1 and σ2 are the standard deviations of P1 and P2.

In order to test the mediation effect of TMS on team performance (H3), we employed two
complementary tests, following the procedure described by Subramani (2004). The first test compared
two nested models: a partial mediation model (i.e., the model shown in Figure 1) and a full mediation
model, where the direct path between perceived subgroup formation and team is omitted. The size
and significance of the increased R2 statistic in the partial mediation model shows the increased
explanatory power of the direct effect of the independent variable (perceived subgroup formation),
in addition to the mediated path. We calculated the f2 statistic based on the changes in R2, and we
used a pseudo F-test to evaluate the significance of the f2 (Chin, Marcolin, & Newsted, 2003). Table
2 presents the results of comparing the nested models.
The second test of the strength of mediation analyzes the size and significance of the mediated
path between the independent variable and the dependent variable in a full mediation model. Here, we
examined the magnitude and variance of the direct paths among the independent variable, mediator,
and dependent variable in a model that omits the direct path between the independent and dependent
variables. Table 3 presents the results of the mediated path.
The results of hypothesis 1 testing show that the direct path between perceived subgroup formation
and performance is significant (path = -0.345, p < 0.05). The results of the nested model comparison
show that the direct influence of perceived subgroup formation on performance is also significant at
p < 0.05 (Table 2). Analyses of individual mediated paths indicate that the mediated paths between
perceived subgroup formation and TMS as well as that from TMS to team performance are negative
and significant (Table 3). Based on our results, TMS partially (but not fully) mediates the effect of
perceived subgroup formation on team performance. Thus, H3 is supported.
The hypothesis testing results reported above are based on the linear algorithm provided by
WarpPLS. To test the possibility of nonlinear relationships, we also analyzed the same data set
using a nonlinear algorithm provided by WarpPLS. The results were generally consistent with those
using the linear algorithm, but showed that the relationships among latent variables were “warped”,
indicating potential nonlinear relationships in the model. Since WarpPLS 5.0 currently does not
provide equations for nonlinear relationships, we cannot fully interpret the results. In addition, due to
our relatively small sample size, we cannot exclude the possibility that the nonlinear relationships are
due to some influential data points in the sample. Therefore, we would leave the further examination
of the nonlinear relationships to future research.
DISCUSSION
This study contributes to the literature in three ways. First, this is the first empirical study to test the
effects of perceived subgroup formation on TMS and team performance in fully distributed teams
(where no members are colocated). By doing this, we answered the call for more research on subgrouplevel factors in distributed teams (Caya, Mortensen, & Pinsonneault, 2013). Our findings confirm
the proposition that subgroup dynamics within a team will shape both team processes and outcomes
(Cramton, 2001; Cramton & Hinds, 2005; Fiol & O’Connor, 2005). Most prior studies of subgroups
have focused on either face-to-face teams (Gibson & Vermeulen, 2003; Jehn & Bezrukova, 2010) or
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distributed teams, but where the subgroups were defined based on physical location only (O’Leary &
Mortensen, 2010; Polzer et al., 2006). Our study extends research on subgroups to distributed teams
where each member exists in a distinct location and where members are unable to meet face-to-face.
We found that in such teams, members’ perceptions of subgroup formation impair both the team’s level
of TMS and its overall performance. This indicates that perceived subgroup formation is an indicator
of the existence of subgroup divisions that are experienced by team members in such environments.
To the best of our knowledge, our study is the first field study to examine perceived subgroup
formation in fully distributed teams. The two prior studies that considered subgroups in distributed
teams were laboratory experiments, where researchers manipulated subgroups based on member
geographic locations (O’Leary & Mortensen, 2010; Polzer et al., 2006). Despite of their contribution
to the literature, such artificial laboratory settings limit the generalizability of such results to real
work settings. By conducting a survey with professionals working full-time, but collaborating on
school-related projects, we are able to provide insights that can be applied to other real world settings.
Second, our study provides evidence of the role of TMS as a mediating construct between
perceived subgroup formation and performance in distributed teams that work on knowledge intensive
tasks. This means that, in addition to exerting a direct negative effect on team performance, members’
perceptions of subgroups also impair team performance by preventing teams from developed a strong
TMS, which is necessary for effective performance. The only studies to date that have examined
mediators between perceived subgroup formation and team outcomes focused on the mediating role
of conflict – both emotional conflict and intragroup conflict (Jehn & Bezrukova, 2010; Pearsall,
Ellis, & Evans, 2008). Our study identified a distinct team-level construct that appears to serve as
a cognitive mediator: TMS. Including TMS helps to provide a more complete explanation for how
perceived subgroup formation can impair team performance, by reducing the level of informationsharing, coordination, and awareness of “who knows what.”
Our findings, together with prior results (Jehn and Bezrukova, 2010; Pearsall et al., 2008) on
various forms of conflict, also suggest that the relationship between the emergence of subgroups
and group performance is more complex than is assumed in prior studies that only considered that
subgroup divisions directly impair performance. Instead, our results show that in seeking to explain
the negative effect of perceived subgroup formation on team performance, we should not focus just
on its direct effects, but also consider how subgroups affect processes, such as TMSs, which, in turn,
shape team outcomes.
Third, we extend the TMS literature to consider the influence of subgroup dynamics on TMS by
introducing the concept of perceived subgroup formation. Prior research on TMS has not considered the
impact of subgroup dynamics on the development of TMSs, either in face-to-face teams or in distributed
teams. Leading research on team effectiveness has recently called for more research that examines the
effect of team composition inputs on the development of TMS because “team composition inputs …
[are] likely to affect the ease with which members communicate and exchange information” (Ren &
Argote, 2011, p. 203). By including the notion of perceived subgroup formation in a field study of
how TMS affects team performance, our study responds to this call by investigating the downstream
effects of subgroups once they are perceived by team members. In doing so, we show that perceived
subgroup formation is inversely associated with TMSs in distributed teams. Our study is the first to
link the two formerly unrelated literatures on subgroups and TMS. Our findings contribute to the
TMS literature by suggesting that the emergence of subgroups within a larger group is an important
area to be considered in future research that examines TMSs.
Our findings provide managerial guidance on two fronts. On the first front, we suggest that
managers should pay attention to factions that members perceive as existing within a distributed team,
given the obstacles they pose to an effective TMS and to overall performance. Unlike face-to-face
teams where subgroups based on members’ demographic attributes are more obvious, managers of
distributed teams may be oblivious to less salient subgroups that are perceived and experienced by
team members. However, distributed teams are inherently diverse in nature. Such differences provide
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the potential for perceived subgroups to emerge. Our results suggest that managers should realize
that it is possible for perceived subgroups to form in distributed teams, and that perceived subgroup
formation has detrimental effects on team performance as well as on a critical team cognitive process:
TMS. Managers can then try to minimize such divisions or reduce their impact by following advice
appearing in the team management literature (especially prior studies on subgroups). For example,
Gratton and colleagues advise managers to focus members’ attention on performance goals and task
completion in the early stage of a team’s lifecycle, instead of dwelling on conflict and relationship
issues among members (Gratton et al., 2007). A recent study suggests that redesigning a team’s
work structure can improve performance in teams with strong divisions (Rico, Sanchez-Manzanares,
Antino, & Lau, 2012).
Another implication is that team leaders should provide training and tools to help increase
the level of TMS among team members. This is especially important given the fact that we were
able to attribute the negative effect of subgroup factions on team performance partially to a team’s
decreased level of TMS. Although it may be more difficult to develop a TMS when perceived
subgroup formation exists, and it may take longer for distributed teams to develop an effective TMS
than face-to-face teams (Kanawattanachai & Yoo, 2007), managers can strive to provide training
and resources that facilitate initial TMS development. Research has shown that project activities and
artifacts such as teleconferences (Oshri et al., 2008), online discussion boards (Choi, Lee, & Yoo,
2010), videoconference-based project “kick-off” meetings and expertise directories (Moreland &
Myaskovsky, 2000), project homepages, and shared file space of previous conversations and shared
experiences (Hollingshead, 1998b) can all facilitate TMS development in teams.
LIMITATIONS AND FUTURE RESEARCH
As with any empirical study, our approach has limitations. First, the data reported in this study
represents cross-sectional data that was collected at a single point in time, without considering temporal
effects. It will be useful to investigate the temporal nature of perceived subgroup formation on TMSs
and team outcomes over time. Such longitudinal studies will provide insights into questions such as
whether the initial perceptions that team members develop with regard to subgroups and TMSs in the
early stages of a team’s lifecycle differ from those in the middle or later stages of the team’s lifecycle.
Second, we focused on the downstream effects of perceived subgroup formation on team processes
and outcomes, without capturing upstream factors that may have contributed to such subgroup
formation. Future research should specify events or problems that contribute to perceived subgroup
formation, which may help managers detect and then minimize – or even avoid – such subgroups in
distributed teams. This is especially useful for distributed teams, where demographic attributes that
are easily observable in face-to-face teams become less salient, while geography, time zone, or other
facets such as language or cultural distance are more prominent. Researchers have started to examine
subgroups formed due to team member geographic locations (O’Leary & Mortensen, 2010; Polzer et
al., 2006), although they have not explored whether such formations are actually consistent with team
members’ perception of subgroups. Future research should explore whether the triggers to perceived
subgroups formation in distributed teams could be based on geography, time zone, or other aspects
of distance, including cultural or occupational differences.
Third, the data in our study are limited to the constructs in the survey that we administered to
our respondents. Thus, we did not explore the teams’ actual technology choices and their actual usage
levels of various features to coordinate their work (e.g., email and discussion boards in Blackboard,
telephone, and instant messenger) and how they affect team processes and outcomes. Studies have
shown that in teams with diverse cultural backgrounds, specific information and communication
technologies can mitigate the negative impact of cultural diversity on team performance (Shachaf,
2008). Researchers have also called for development of IT-based supports that can serve as substitutes
for TMSs, in both colocated and distributed teams (Lewis & Herndon, 2011). Recent research in
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this area has studied teleconferences (Oshri et al., 2008) and online discussion boards (Choi et al.,
2010). Future research can explore whether and how the use of emerging Web 2.0 tools such as social
networking sites, Wikis (Shu, Lin, & Wang, 2015), and mobile applications may prevent or minimize
the emergence of subgroups while optimizing the levels of TMSs in distributed teams.
Fourth, preliminary analysis using a nonlinear algorithm provided by WarpPLS 5.0 indicates
potential nonlinear relationships in our research model. However, due to our relatively small sample
size, we cannot exclude the possibility that the nonlinear relationships are due to some influential
data points in the sample. Future research can explore whether nonlinear relationships exist among
perceived subgroup formation, TMS and team performance.
CONCLUSION
Our research is motivated by the important role distributed teams play in today’s organizations.
Specifically, we investigated the effect of perceived subgroup formation, a factor that has received
limited attention in distributed teams, on team processes and performance. We found that in distributed
teams where members are located in different locations and members never meet face-to-face,
perceived subgroup formation has a negative impact on team performance. Perceived subgroup
formation also hurts team performance by discouraging teams from developing a transactive memory
system (TMS), a critical team cognitive process that describes the active use of members’ knowledge
about what other members know to collaboratively complete team tasks. Based on results from our
research, as well as other studies about team management (especially research on subgroups), below are
a few actions that managers can take to alleviate the negative effects of perceived subgroup formation
on distributed team performance (see Appendix B for a case that illustrates this in more detail).
First, unlike face-to-face teams where subgroups based on members’ demographic attributes are
more obvious, managers of distributed teams should be wary of the problems caused by the emergence
of subgroups – which may be less visible or obvious in distributed teams. Second, to avoid subgroup
divisions, managers should focus team members’ attention on task completion and performance goals
first, before dwelling on conflict and relationship issues among members (Gratton et al., 2007). Third,
in an attempt to alleviate the negative influence of subgroup divisions that already exist in a team,
managers can take actions to increase the level of transactive memory system (TMS) among team
members. To achieve this purpose, researchers have recommended the use of teleconferences (Oshri
et al., 2008), online discussion boards (Choi, Lee, & Yoo, 2010), videoconference-based project
“kick-off” meetings and expertise directories (Moreland & Myaskovsky, 2000), project homepages,
and shared file space of previous conversations and shared experiences (Hollingshead, 1998b).
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APPENDIX A
Table 4. Measurement items and factor loadings
Construct
(Source)
Perceived
subgroup
division
(New scale)

Transactive
Memory System
(Lewis 2003)

Team
Performance
(Henderson &
Lee, 1990)

64

Item

Factor
Loading

1. Communications (e.g., emails, phone calls) happened only among part of the group

0.702

2. I found it easier to communicate (e.g., sending emails, talking on the phone) with
certain group members than others

0.726

3. I preferred to ask project related information from certain group members over
others

0.714

4. One or more group members did not act like part of our group

0.769

5. I withheld some project-related information from certain group members

0.700

6. If one or more group members were omitted from our group, it would have been
much easier to finish this project

0.746

1. Each group member has specialized knowledge of some aspect of our project

0.729

2. I have knowledge about an aspect of the project that no other member has

0.828

3. Different group members are responsible for expertise in different areas

0.824

4. The specialized knowledge of several different group members was needed to
complete the project deliverable

0.857

5. I know which group members have expertise in specific areas

0.792

6. I was comfortable accepting procedural suggestions from other group members

0.783

7. I trusted that other members’ knowledge about the project was credible

0.811

8. I was confident relying on the information that other group members brought to the
discussion

0.817

9. When other members gave information, I wanted to double-check it for myself
(reversed)

0.585

10. I did not have much faith in other members’ “expertise” (reversed)

0.611

11. Our group worked together in a well-coordinated fashion

0.690

12. Our group had very few misunderstandings about what to do

0.659

13. Our group needed to backtrack and repeat certain parts of the project a lot
(reversed)

0.606

14. We accomplished the task smoothly and efficiently

0.707

15. There was much confusion about how we would accomplish the task (reversed)

0.771

1. Efficiency of team operations

0.815

2. Amount of work the group produced

0.880

3. Group’s adherence to schedules

0.780

4. Quality of work the group produced

0.879

5. Ability to meet the goals of the project

0.823
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APPENDIX B
A Case of Perceived Subgroups Formation in a Distributed Team and Recommendations for Managers
Is it possible for subgroups to emerge in distributed teams? To illustrate the possibility of perceived
subgroups forming in a distributed team, consider a work team with four members, where each
member worked from a different location. All four members worked for the same company but
they came from different functional areas and had different levels of tenure within the company.
As team members got to know each other through emails and other technology-mediated
communications (e.g., Skype calls, instant messages), they started to realize the similarities and
differences among them, from which subgroups can form. For example, two younger members
who recently joined the company discovered that the other two members who had been with the
company for more than a decade were slow at responding to work related instant messages. As
a result, some decisions were quickly made by the two newer members on the team, even before
the older team members had a chance to voice their opinions. In this example, subgroups form
based on age and the level of tenure with the company.
Can subgroup divisions be harmful to teams? Continuing with the example above, when the
longer-tenure subgroup realized that they were left out of some team decisions, they began to
feel isolated and felt that the younger members lacked respect for their opinions. This became a
source of tension and conflict between the two subgroups. Each pair of team members started
to share information only within their subgroup (i.e., the two younger members, and the two
older members). As a result, it became difficult for all the team members to know member skills
and expertise from the other subgroup, the current status of tasks that the members of the other
subgroup were performing, the challenges that those performing them faced in completing those
tasks, or ways to resolve similar challenges when they arose in their own work. This reflects a
low level of transactive memory system (TMS) within the overall team, as members became less
aware of what knowledge other subgroup members possess, what other subgroup members were
doing or how they were doing it. Members began to waste time, by duplicating tasks that others
had already performed or tried to derive a solution to a problem that another team member had
already encountered and resolved. Eventually, the team’s overall performance began to suffer
due to a lack of awareness, communication, and coordination across the full team (even though
each pair of members in a subgroup were still communicating well with each other).
What should managers do to minimize such divisions or reduce their impact on teams? Our
research, as well as other studies about team management (especially research on subgroups)
provides advice for managers to minimize the risk of subgroup formation and the related
problems, including:
1. Pay attention to the possibility that subgroups can form, even in distributed teams where
demographic attributes are less noticeable (e.g., age, race). In distributed teams, subgroups
can form based on these and other factors, including tenure with the company; generational
groups (e.g., Generation X vs. Y); the existence of prior relationships among some members;
and members’ attitudes, beliefs, and personalities (Harrison, Price, & Bell, 1998; Polzer,
2004). Look for signs of subgroup formation such as employees referring to “us vs. them”,
communications (e.g., emails, phone calls) that occur among just part of the team, and one
or more members complaining of feeling isolated;
2. To bridge subgroup divisions, managers should focus team members’ attention on task
completion and performance goals first, before dwelling on conflict and relationship issues
among members (Gratton, Voigt, & Erickson, 2007). The rationale is, when teams are new,
besides conventional kick-off meetings, managers should not emphasize the social aspects
of the team, which creates opportunities for members to “make snap judgments and to
emphasize their differences” (Gratton et al., 2007, p. 26). Instead, concentrating on taskoriented goals helps team members learn each other’s skills and expertise (this is consistent
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3.
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with our finding of the need to increase the level of transactive memory system) rather
than emphasizing differences in personalities, work styles and other aspects. Over time, if
subgroup divisions still emerge, managers should shift the task orientation emphasis to a
relationship orientation. For example, managers can organize social activities for members
to know each other, to talk about and show respect for any differences in values and work
styles (Gratton et al., 2007). In fully distributed teams, this can be achieved by organizing
face-to-face events when a team’s budget allows, or by devoting sometime in audio or
videoconferences for social aspects of the team if travel is not possible;
In an attempt to alleviate the negative influence of subgroup divisions that already exist
in a team, managers can take actions to increase the level of transactive memory system
(TMS) among team members. This is because perceived subgroup formation also reduces
performance by suppressing the development of TMS, which is necessary for distributed
teams to perform effectively. It may take longer for distributed teams to develop an effective
TMS than face-to-face teams (Kanawattanachai & Yoo, 2007), but managers can still use
various means to facilitate TMS development in teams. The main idea is to make it easier
for team members to learn what other members know, to obtain clues to help them judge
the credibility and quality of others’ knowledge. To achieve this goal, researchers have
recommended the use of teleconferences (Oshri, van Fenema, & Kotlarsky, 2008), online
discussion boards (Choi, Lee, & Yoo, 2010), videoconference-based project “kick-off”
meetings and expertise directories (Moreland & Myaskovsky, 2000), project homepages, and
shared file space of previous conversations and shared experiences (Hollingshead, 1998).

